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(57) ABSTRACT

A surface-treated steel sheet for a battery container, includ-
ing a steel sheet, an 1ron-mickel diffusion layer formed on the
steel sheet, and a nickel layer formed on the 1ron-mickel
diffusion layer and constituting the outermost layer, wherein

when the Fe intensity and the N1 intensity are continuously
measured from the surface of the surface-treated steel sheet
for a battery container along the depth direction with a high
frequency glow discharge optical emission spectrometric
analyzer, the thickness of the iron-nickel diffusion layer
being the difference between the depth at which the Fe
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intensity exhibits a first predetermined value and the depth
at which the N1 intensity exhibits a second predetermined
value 1s 0.04 to 0.31 um; and the total amount of the nickel
contained 1n the 1ron-nickel diffusion layer and the nickel
contained in the nickel layer is 4.4 g/m* or more and less

than 10.8 g/m”.

> Claims, 15 Drawing Sheets
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(A) Reference Example A (430°C)

(B) Example 1 (600°C)

(C) Comparative Example 1
(not performing heat treatment)

(D) Comparative Example 2 (700°C)
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(A) Reference Example A (430°C)

(B) Example 1 (600°C)

Ilfﬂ: Hj 1 Errﬂ

(C) Comparative Example 1
(not performing heat treatment)
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(D) Comparative Example 2 (700°C)
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Reference Example 1
not performing heat treatment)
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SURFACE-TREATED STEEL PLATE FOR
CELL CONTAINER

TECHNICAL FIELD

The present invention relates to a surface-treated steel
sheet for a battery container.

BACKGROUND ART

Recently, portable devices such as audio istruments and
cellular phones have been used 1n various fields, and there
have been used as the operating power sources thereof many
primary batteries such as alkaline batteries and many sec-
ondary batteries such as nickel-hydrogen batteries and lithi-
umn-ion batteries. Such batteries are demanded to achieve
long operating lives, high performances and the like by the
achievement of high performances of the devices being
mounted with such batteries, and the battery containers
packed with power generation elements composed of posi-
tive electrode active materials, negative electrode active
materials and the like are also demanded to be improved in
the performances as the important constituent elements of
the batteries.

As the surface-treated steel sheets to form such battery
containers, for example, Patent Documents 1 and 2 disclose
surface-treated steel sheets each prepared by forming a
nickel plating layer on a steel sheet, and then forming an
iron-nickel diffusion layer by applying a heat treatment to
the nickel plated steel sheet.

On the other hand, battery containers having a thin battery
container wall (hereinafter, referred to as “can wall”) have
been demanded 1n order to improve the volume percentage,
under the requirements for the achievement of higher
capacities and lighter weights of batteries. For example, as
disclosed 1n Patent Documents 3 and 4, 1t has been known
a processing allowing the thickness of the can wall after the
processing to be thinner than the thickness of a surface-
treated steel sheet before the processing.

RELATED ART

Patent Documents

Patent Document 1: Japanese Patent Laid-Open No. 2014-

009401

Patent Document 2: Japanese Patent Laid-Open No. 6-2104

Patent Document 3: International Publication No. WO 2009/
107318

Patent Document 4: International Publication No. WO 2014/
156002

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

However, 1n Patent Documents 1 and 2, the heat treatment
condition in the formation of the 1ron-nickel diffusion layer
1s a high temperature or a long time, and the inter-diffusion
between the 1ron 1n the steel sheet serving as a substrate and
the nickel in the nickel plating layer tends to proceed 1n the
resulting surface-treated steel sheet. The present inventors
have obtamned a finding that when a heat treatment i1s
performed under the conventional heat treatment conditions,
use of a battery with the surface treated steel sheet processed
into a battery container sometimes increases the amount of
iron dissolved from the iner surface of the battery con-
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2

tainer, and the corrosion resistance 1s liable to be decreased.
The 1ron exposed during formation of the battery container
1s favorable for improving the battery properties; however a
study performed by the present inventors have revealed that
when thickness of the nickel plating layer formed before
heat treatment 1s thin, the exposure of the iron 1s locally
increased. With increased dissolution amount, the corrosion
resistance 1s liable to be decreased.

In addition, 1n Patent Documents 3 and 4, there 1s a
problem that by reducing the thickness of the can wall of the
battery container, the amount of iron dissolved on the inner
surface of the battery container sometimes comes to be
increased, and the corrosion resistance of the inner surface
of the battery container 1s decreased.

An object of the present invention 1s to provide a surface-
treated steel sheet for a battery container excellent 1n cor-
rosion resistance even when the volume percentage 1s
improved by reducing the thickness of the can wall 1n the
case where the surface-treated steel sheet 1s processed nto
a battery container.

Means for Solving the Problem

According to the present invention, there 1s provided a
surface-treated steel sheet for a battery container, including
a steel sheet, an 1ron-nickel diffusion layer formed on the
steel sheet, and a nickel layer formed an the iron-nickel
diffusion layer and constituting the outermost surface layer,
wherein when the Fe intensity and the Ni intensity are
continuously measured along the depth direction from the
surface of the surface-treated steel sheet for a battery con-
tainer, by using a high frequency glow discharge optical
emission spectrometric analyzer, the thickness of the iron-

nickel diffusion layer, being the difference (D2-D1)
between the depth (D1) at which the Fe intensity exhibits a
first predetermined value and the depth (ID2) at which the Ni
intensity exhibits a second predetermined value, 1s 0.04 to
0.31 um, and the total amount of nickel contained in the
iron-nickel diffusion layer and the nickel layer is 4.4 g/m* or
more and less than 10.8 g/m”. It is to be noted that the depth
(D1) exhibiting the first predetermined value 1s the depth
exhibiting an intensity of 10% of the saturated value of the
Fe intensity measured by the above-described measurement,
and the depth (D2) exhibiting the second predetermined
value 1s the depth exhibiting an intensity of 10% of the
maximum value when the measurement 1s further performed
along the depth direction after the N1 intensity shows the
maximum value by the above-described measurement.

In the surface-treated steel sheet for a battery container of
the present invention, the average crystal grain size in the
surface portion of the nickel layer 1s preferably 0.2 to 0.6
L.

In the surface-treated steel sheet for a battery container of
the present invention, the thickness of the nickel layer 1s
preferably 0.4 to 1.2 um.

In the surface-treated steel sheet for a battery container of
the present invention, the Vickers hardness (HV) of the
nickel layer measured with a load of 10 gf 1s preferably 200
to 280.

According to the present invention, there 1s provided a
battery container made of the above-described surface-
treated steel sheet for a battery container.

According to the present invention, there 1s also provided
a battery provided with the above-described battery con-
tainer.
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Moreover, according to the present invention, there 1s
provided a method for producing a surface-treated steel
sheet for a battery container, including:

a nickel plating step of forming a nickel plating layer on
a steel sheet with a nickel amount of 4.4 g/m* or more and
less than 10.8 g/m~; and

a heat treatment step of applying a heat treatment to the
steel sheet having the nickel plating layer formed thereon by
maintaining the steel sheet at a temperature of 450 to 600°
C. for 30 seconds to 2 minutes to thereby form an 1rron-nickel
diffusion layer having a thickness of 0.04 to 0.31 um.

Fitect of Invention

According to the present invention, 1t 1s possible to

provide a surface-treated steel sheet for a battery container
excellent 1n corrosion resistance even when the volume
percentage 1s improved by reducing the thickness of the can
wall when a battery container 1s made of the surface-treated
steel sheet for a battery container. Moreover, according to
the present invention, 1t 1s possible to provide a battery
container and a battery obtained by using such a surface-
treated steel sheet for a battery container.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an oblique perspective view showing one
embodiment of a battery undergoing an application of the
surface-treated steel sheet for a battery container according
to the present invention.

FI1G. 2 1s a cross-sectional view along the line II-11 in FIG.
1.

FIG. 3 1s an enlarged cross-sectional view of the portion
III 1n FIG. 2, 1n one embodiment of the surface-treated steel
sheet for a battery container of the present invention.

FIG. 4 1s a diagram for illustrating the method for
producing the surface-treated steel sheet for a battery con-
tainer shown 1n FIG. 3.

FIG. 5 presents the graphs showing the results of the Fe
intensities and the Ni intensities of the surface-treated steel
sheets for a battery container of Example and Cooperative
Examples, measured by a high frequency glow discharge
optical emission spectrometric analyzer.

FIG. 6 presents the graphs showing the results of the
surtace hardness measurements of the surface-treated steel
sheet for a battery container of Example and Comparative
Examples.

FIG. 7 presents the photographs showing the backscat-
tered electron 1mages of the surface-treated steel sheets for
a battery container of Example and Comparative Examples.

FIG. 8 presents the photographs showing the backscat-
tered electron 1mages, the element maps of iron and the
clement maps of nickel of the inner surface of the battery
container formed of the surface-treated steel sheet for a
battery container of Reference Example A.

FIG. 9 presents the photographs showing the backscat-
tered electron images, the element maps of 1ron and the
clement maps of nickel of the inner surface of the battery
container formed of the surface-treated steel sheet for a
battery container of Example 1.

FIG. 10 presents the photographs showing the backscat-
tered electron 1mages, the element maps of iron and the
clement maps of nickel of the inner surface of the battery
container formed of the surface-treated steel sheet for a
battery container of Comparative Example 1.

FIG. 11 presents the photographs showing the backscat-
tered electron 1mages, the element maps of iron and the
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clement maps of nickel of the inner surface of the battery
container formed of the surface-treated steel sheet for a
battery container of Comparative Example 2.

FIG. 12 presents the photographs showing the backscat-
tered electron 1images of the surface-treated steel sheets for
a battery container of Reference Examples.

FIG. 13 presents the photographs obtained by enlarging
the backscattered electron images shown 1n the FIG. 12.

FIG. 14 1s a graph showing the results of the measure-
ments of the exposed area proportions of iron on the inner
surfaces of the battery containers formed of the surface-
treated steel sheets for a battery container of Example and
Comparative Example.

FIG. 15 1s a graph showing the results of the measurement
of the surface hardness of a steel sheet having a nickel
plating layer formed thereon, after the application of a heat
treatment.

DESCRIPTION OF EMBODIMENTS

Hereinaiter, one Embodiment of the present invention 1s
described by way of the accompanying drawings. The
surface-treated steel sheet for a battery container according
to the present mvention 1s processed nto an external shape
corresponding to the desired shape of a battery. Examples of
a battery may include, without being particularly limited to:
primary batteries such as an alkaline battery, and secondary
batteries such as a nickel-hydrogen battery and a lithium-ion
battery; as the members of the battery containers of these
batteries, the surface-treated steel sheet for a battery con-
tamner according to the present invention can be used.
Heremnafter, the present invention 1s described on the basis
of an embodiment using the surface-treated steel sheet for a
battery container according to the present mvention for a
positive electrode can constituting the battery container of
an alkaline battery.

FIG. 1 1s an oblique perspective view showing one
embodiment of an alkaline battery 2 undergoing an appli-
cation of the surface-treated steel sheet for a battery con-
tainer according to the present invention, and FIG. 2 1s a
cross-sectional view along the line II-II 1n FIG. 1. The
alkaline battery 2 of the present example 1includes a positive
clectrode mixture 23 and a negative electrode mixture 24
filled 1nside the positive electrode can 21 having a bottomed
cylindrical shape through the intermediary of a separator 25;
and a sealing body constituted with a negative electrode
terminal 22, a current collector 26 and a gasket 27 caulked
on the mner surface side of the opening section of the
positive electrode can 21. A convex positive electrode ter-
minal 211 1s formed in the bottom center of the positive
electrode can 21. In addition, an exterior case 29 1s mounted
on the positive electrode can 21 through the intermediary of
an mnsulating ring 28, for the purpose of imparting insulation
properties, improving the design, and the like.

The positive electrode can 21 of the alkaline battery 2
shown 1n FIG. 1 1s obtained by mold-processing the surface-
treated steel sheet for a battery container according to the
present invention, by applying, for example, a deep drawing
processing method, a drawing and 1roming processing
method (DI processing method), a drawing thin and redraw-
ing processing method (DTR processing method), or a
processing method using a stretch processing and an 1rroning
processing alter a drawing processing. Hereinafter, with
reference to FIG. 3, the constitution of the surface-treated
steel sheet for a battery container (surface-treated steel sheet
1) according to the present invention 1s described.
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FIG. 3 1s an enlarged cross-sectional view of the portion
I1I of the positive electrode can 21 shown 1n FIG. 2, and the
upper side 1 FIG. 3 corresponds to the mner surface (the
surface 1n contact with the positive electrode mixture 23 of
the alkaline battery 2) of the alkaline battery 2 of FIG. 1. The
surface-treated steel sheet 1 of the present embodiment
includes, as shown in FIG. 3, an iron-nickel diffusion layer
12 and a mnickel layer 14 formed on a steel sheet 11
constituting the substrate of the surface-treated steel sheet 1.

In the surface-treated steel sheet 1 of the present embodi-
ment, the thickness of the iron-nickel diffusion layer 12
measured by a high frequency glow discharge optical emis-
s10n spectrometric analyzer 1s 0.04 to 0.31 um, and the total
amount of the nickel contained in the wron-nickel diffusion
layer 12 and the nickel layer 14 is 4.4 g/m” or more and less
than 10.8 g¢/m*. Herewith, the surface-treated steel sheet 1 of
the present embodiment 1s excellent 1n corrosion resistance
even 1n the case where the thickness of the can wall 1s
reduced to improve the volume percentage when the sur-
tace-treated steel sheet 1 1s processed to a battery con-
tainer.

In addition, in the present embodiment, the average
crystal grain size 1n the surface portion of the nickel layer 14
1s preferably 0.2 to 0.6 um. Herewith, the surface-treated
steel sheet 1 of the present embodiment comes to be more
excellent 1n the corrosion resistance when used as a battery
container.

<Steel Sheet 11>

The steel sheet 11 of the present embodiment 1s not
particularly limited as long as the steel sheet 11 1s excellent
in molding processability; for example, a low carbon alu-
minum-killed steel (carbon content: 0.01 to 0.15% by
weight), a low carbon steel having a carbon content of
0.003% by weight or less, or a non-aging low carbon steel
prepared by adding Ti1, Nb or the like to a low carbon steel
can be used. The thickness of the steel sheet 1s not particu-
larly limited, but is preferably 0.2 to 0.5 mm. When the steel
sheet 1s too thick, the heat quantity necessary for diffusion
1s deficient, and the diffusion layer 1s liable to be formed
insuiliciently. When the steel sheet 1s too thin, the thickness
necessary as the subsequent battery sometimes cannot be
secured, or the heat conduction 1s fast and the control of the
thickness of the diflusion layer 1s liable to be difficult.

In the present embodiment, the hot rolled sheets of these
steels are washed with an acid to remove the scales (oxide
film), then cold rolled, then electrolytically washed, then
annealed and subjected to temper rolling, and are used as the
steel sheets 11; or alternatively, the hot rolled sheets of these
steels washed with an acid to remove the scales (oxide film),
then cold rolled, then electrolytically washed, then subjected
to temper rolling without being subjected to annealing, and
are used as the steel sheets 11.

<Iron-Nickel Diffusion Layer 12, and Nickel Layer 14>

In the surface-treated steel sheet 1 of the present embodi-
ment, the wron-nickel diffusion layer 12 1s a layer allowing,
iron and nickel to mutually diffuse therein, formed as a result
of a thermal diffusion treatment performed after the nickel
plating layer 13 1s formed on the steel sheet 11, so as to cause
the thermal diffusion of the 1ron constituting the steel sheet
11 and the nickel constituting the nickel plating layer 13. The
nickel layer 14 1s a layer dernived from the portion free from
the diflusion of 1ron 1n the vicinity of the surface layer of the
nickel plating layer 13, the portion being thermally recrys-
tallized and softened when the thermal diffusion treatment 1s
performed.

By forming the iron-nickel diffusion layer 12 obtained by
such a thermal diffusion treatment, when the surface-treated
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steel sheet 1 1s used as a battery container, the direct, wide
area contact of the steel sheet with the electrolytic solution
or the like constituting the battery can be prevented; and
moreover, the presence of the 1iron-nickel diffusion layer 12
relaxing the potential difference between the nickel of the
nickel layer 14 and the iron of the steel sheet 11 allows the
corrosion resistance and the battery properties to be satis-
factory. The formation of the wron-nickel diffusion layer 12
also allows the adhesiveness between the steel sheet 11 and
the nickel layer 14 to be improved.

The mickel plating layer 13 for forming the iron-nmickel
diffusion layer 12 can be formed an the steel sheet 11 by
using, for example, a nickel plating bath. As the nickel
plating bath, there can be used a plating bath usually used in
nickel plating, namely, a Watts bath, a sulfamate bath, a
boron fluoride bath, a chloride bath and the like. For
example, the nickel plating layer 13 can be formed by using,
as a watts bath, a bath having a bath composition containing
nickel sulfate in a concentration of 200 to 350 g/L., nickel
chloride 1n a concentration of 20 to 60 g/L., and boric acid
in a concentration of 10 to 350 g/, under the conditions that
the pH 1s 3.0 to 4.8 (preferably pH 1s 3.6 to 4.6), the bath
temperature 1s 50 to 70° C., the current density 1s 10 to 40
A/dm” (preferably 20 to 30 A/dm”).

It 1s to be noted that as the nickel plating layer, a
sulfur-containing bright plating 1s not preferable because the
battery properties are liable to be degraded; however, 1t 1s
possible 1n the present invention to apply a matte plating not
containing sulfur 1 an amount equal to or more than the
amount of an inevitable impurity as well as a semi-gloss
plating. This 1s because the hardness of the layer obtained by
plating 1s as follows: the semi-gloss plating 1s harder than the
matte plating, but the heat treatment for forming the diffu-
s10on layer in the present invention allows the hardness of the
semi-gloss plating to be comparable with or slightly higher
than the hardness of the matte plating. When a semi-gloss
plating 1s formed as a nickel plating layer, a semi-gloss agent
may be added to the above-described plating baths. The
semi-gloss agent 1s not particularly limited as long as the
semi-gloss agent allows the nickel plating layer after plating
to be free from sulfur (for example, 0.05% or less 1n an
fluorescent X-ray measurement); as the semi-glass agent, 1t
1s possible to use, for example, an aliphatic unsaturated
alcohol such as a polyoxyethylene adduct of an unsaturated
alcohol, an unsaturated carboxylic acid, formaldehyde, and
coumarin.

In the present embodiment, as shown 1 FIG. 4, the
above-described nickel plating layer 13 1s formed on the
steel sheet 11, and subsequently a thermal diflusion treat-
ment 1s performed; thus, the iron-nickel diffusion layer 12
and the nickel layer 14 are formed, and the surface-treated
steel sheet 1 as shown 1n FIG. 3 can be obtained.

In the present embodiment, the nickel amount 1n the
nickel plating layer 13 before performing the thermal dif-
fusion treatment corresponds to the total amount of the
nickel contained 1n the 1ron-nickel diflusion layer 12 and the
nickel contained in the nickel layer 14 obtained by the
thermal diffusion treatment.

The total amount (the nickel amount 1n the mickel plating
layer 13 before performing the thermal diffusion treatment)
of the nickel contained 1n the iron-nickel diffusion layer 12
and the nickel contained 1n the nickel layer 14 obtained by
the thermal diffusion treatment may be 4.4 g¢/m* or more and
less than 10.8 g/m?, is preferably 5.5 g¢/m” or more and less
than 10.8 g/m>, and is more preferably 6.5 g/m~ or more and
less than 10.8 g/m*. When the total amount of the nickel
contained 1n the iron-nickel diffusion layer 12 and the nickel




US 11,196,114 B2

7

contained in the nickel layer 14 i1s too small, the improve-
ment eflect of the corrosion resistance due to nickel 1s
insuthicient, and the corrosion resistance of the obtained
surface-treated steel sheet 1 used as a battery container 1s
degraded. On the other hand, when the total amount of the
nickel contained in the 1ron-nickel diffusion layer 12 and the
nickel contained in the nickel layer 14 1s too large, the can
wall thickness of the battery container made of the obtained
surface-treated steel sheet 1 comes to be thick and the
volume of the interior of the battery container comes to be
small (the volume percentage 1s degraded). The total amount
ol the nickel contained 1n the iron-nickel diffusion layer 12
and the nickel contained i the nickel layer 14 can be
determined by a method calculating on the basis of the total
amount (total weight) of the nickel contained in the iron-
nickel diflusion layer 12 and the nickel contained in the
nickel layer 14 measurable with an ICP analysis method.
Alternatively, the total amount of the nickel contained in the
iron-nickel diffusion layer 12 and the nickel contained 1n the
nickel layer 14, can also be determined by a method calcu-
lating on the basis of the measured deposition amount
obtained by measuring the deposition amount of the nickel
atoms constituting the nickel plating layer 13 by performing
a tluorescent X-ray measurement after the formation of the
nickel plating layer 13 and before performing the thermal
diffusion treatment.

The conditions of the thermal diffusion treatment may be
appropriately selected according to the thickness of the
nickel plating layer 13; the heat treatment temperature 1s 450
to 600° C., more preferably 480 to 390° C., and further
preferably 300 to 350° C.; the soaking time in the heat
treatment 1s preferably 30 seconds to 2 minutes, more
preferably 30 to 100 seconds, and further preferably 45 to 90
seconds. In addition, in the heat treatment, the time 1nclud-
ing the heating up time and the cooling time 1n addition to
the soaking time 1s preferably 2 to 7 minutes and more
preferably 3 to 5 minutes. The thermal diffusion treatment
method 1s preferably a continuous annealing method from
the viewpoint of easy regulation of the heat treatment
temperature and the heat treatment time within the above-
described ranges.

In the present mvention, as described above, by perform-
ing the thermal diffusion treatment, the 1ron-nickel diffusion
layer 12 can be formed between the steel sheet 11 and the
nickel layer 14, and consequently the surface-treated steel
sheet 1 1s allowed to have a constitution (Ni/Fe-Ni/Fe)
having the iron-nickel diffusion layer 12 and the mickel layer
14 on the steel sheet 11 in order from bottom to top.

In the present embodiment, the thickness of the thus
tformed 1ron-nickel diffusion layer 12 measured with a high
frequency glow discharge optical emission spectrometric
analyzer may be 0.04 to 0.31 Nm, and 1s preferably 0.05 to
0.27 um, more preferably 0.08 to 0.25 n, and further
preferably 0.09 to 0.20 um. When the thickness of the
iron-nickel diffusion layer 12 1s too small, the adhesiveness
of the nickel layer 14 in the surface-treated steel sheet 1 1s
liable to be degraded. On the other hand, when the thickness
of the 1ron-nickel diffusion layer 12 1s too large, the amount
of exposed 1ron comes to be too large in the nickel layer 14
of the surface-treated steel sheet 1, and consequently, when
the surface-treated steel sheet 1 1s used as the battery
container, the amount of iron dissolved from the inner
surface of the battery container 1s large and the corrosion
resistance 1s degraded.

It 1s to be noted that the thickness of the iron-nickel
diffusion layer 12 can be determined by continuously mea-
suring the variations of the Fe intensity and the N1 intensity
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in the depth direction from the outermost surface toward the
steel sheet 11 with respect to the surface-treated steel sheet
1 by using a high frequency glow discharge optical emission
spectrometric analyzer.

Specifically, first, by using the high frequency glow
discharge optical emission spectrometric analyzer, the Fe
intensity 1n the surface-treated steel sheet 1 1s measured until
the Fe intensity 1s saturated, and by adopting the saturated
value of the Fe intensity as a reference, the depth giving the
Fe intensity 10% of the saturated value i1s defined as the
boundary between the nickel layer 14 and the iron-nickel
diffusion layer 12. For example, the details are described
with reference to FIG. 5(A) showing the measurement
results of the surface-treated steel sheet 1 of a below-
described Example. It 1s to be noted that, 1n FIG. S(A), the
ordinate represents the Fe intensity and the N1 intensity, and
the abscissa represents the measurement time when the
measurement 1s performed 1n the depth direction from the
surface of the surface-treated steel sheet 1 by using a high
frequency glow discharge optical emission spectrometric
analyzer.

In the present embodiment, first, the saturated value of the
Fe intensity 1s determined on the basis of the measurement
results of the Fe intensity. The saturated value of the Fe
intensity 1s determined from the time varnation rate (Fe
intensity variation/second) of the Fe intensity. The time
variation rate of the Fe intensity comes to be steeply large
when Fe 1s detected after the start of the measurement, and
decreases aiter passing the maximum value and 1s stabilized
in the vicinity of approximately zero. The value when the
time variation rate 1s stabilized at approximately zero 1s the
saturated value, and specifically, when the time variation
rate ol the Fe intensity comes to be 0.02 (Fe intensity
variation/second) or less, the measurement time in the depth
direction can be taken as the measurement time of the
saturation of the Fe intensity.

In the example shown 1n FIG. 5(A), the saturated value of
the Fe intensity 1s a value of approximately 70 1n the vicinity
of the measurement time of 20 seconds, and the depth giving
an Fe intensity of approximately 7, 10% of the saturated
value, can be detected as the boundary between the nickel
layer 14 and the iron-nickel diffusion layer 12.

On the other hand, the boundary between the iron-nickel
diffusion layer 12 and the steel sheet 11 can be detected as
follows. Specifically, when the Ni intensity of the surface-
treated steel sheet 1 1s measured by using a high frequency
glow discharge optical emission spectrometric analyzer, the
maximum value 1s extracted from the obtained graph show-
ing the varnation of the N1 intensity, and the depth giving a
N1 1ntensity of 10% of the maximum value after the maxi-
mum value has been shown 1s determined as the boundary
between the 1ron-nickel diffusion layer 12 and the steel sheet
11. For example, with reference to FIG. S(A), the maximum
value of the N1 intensity 1s a value of approximately 70 at the
measurement time in the vicinity of 9 seconds, and accord-
ingly, the depth giving a N1 intensity of approximately 7,
10% of the maximum value of the N1 intensity, can be
detected as the boundary between the nickel plating layer 13
and the steel sheet 11.

In addition, in the present embodiment, on the basis of the
boundaries between the layers determined as described
above, 1t 1s possible to determine the thickness of the
iron-nickel diffusion layer 12. Specifically, when the mea-
surement 1s performed by using a high frequency glow
discharge optical emission spectrometric analyzer, the time
giving an Fe intensity of 10% of the saturated value of the
Fe intensity 1s set as the starting point, the measurement time
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until the time giving a N1 intensity of 10% of the maximum
value after the N1 intensity has exhibited the maximum value
1s calculated, and on the basis of the calculated measurement
time, the thickness of the wron-nickel diffusion layer 12 can
be determined.

It 1s to be noted that for the purpose of determining the
thickness of the 1iron-nickel diffusion layer 12 of the surface-
treated steel sheet 1 on the basis of the measurement time,
the high frequency glow discharge optical emission spec-
trometric analysis of the nickel-plated steel sheet having a
known thickness and having undergone no thermal diffusion
treatment 1s performed, the depth thickness calculated as the
iron-nickel diffusion layer seen in the measurement graph
(for example, FIG. 5(C) showing the measurement results of
below-described Comparative Example 1) 1s required to be
subtracted at the time of calculation of the 1ron-nickel
diffusion layer 12 of the surface-treated steel sheet 1 as the
actual measurement object. Specifically, from the thickness
of the ron-nickel diffusion layer 12 portion (the thickness
value obtained 1n FIG. 5(A) as follows: the time giving the
Fe intensity of 10% of the saturated value of the Fe intensity
1s taken as the starting point, the measurement time until the
time giving the Ni intensity an intensity of 10% of the
maximum value of the Ni intensity after the N1 intensity has
exhibited the maximum value thereof 1s converted into the
thickness) calculated from the graph of FIG. 5(A), the
thickness calculated in the same manner from the graph of
FIG. 5(B) 1s subtracted, and thus, the thickness of the actual
iron-nickel diffusion layer 12 1n the graph of FIG. 5(A) can
be determined.

In the present invention, as described above, for the
nickel-plated steel sheet having a known plating thickness
and having undergone no heat treatment, a high frequency
glow discharge optical emission spectrometric analysis 1s
performed, the thickness calculated as an 1ron-nickel diffu-
sion layer 1s taken as the “reference thickness,” and the
difference (D2-D1) between D1 and D2 indicates the value
obtained by subtracting the reference thickness.

It 1s to be noted that in the measurement with a high
frequency glow discharge optical emission spectrometric
analyzer, with the increase of the thickness of the nickel
plating layer, the reference thickness calculated from the
measurement of the nickel plating layer comes to be
increased; thus, when the thickness of the iron-nickel dit-
fusion layer 1s determined, the reference thickness 1is
checked 1n the plating deposition amount of each of the
layers, or alternatively, 1t 1s desirable that the measurement
of the reference thickness 1s performed in each of the two or
more samples, different from each other in the plating
deposition amount before performing heat treatment, the
relation formula between the plating deposition amount and
the reference thickness 1s determined, and then the thickness
of the 1ron-nickel diffusion layer 1s calculated.

In addition, by measuring the nickel-plated steel sheet
undergoing no thermal diffusion treatment, the relation
between the depth time (the measurement time based on a
high frequency glow discharge optical emission spectromet-
ric analyzer) and the actual thickness can be determined, and
accordingly, by utilizing this numerical value (the numerical
value showing the relation between the depth time and the
actual thickness), it 1s possible to convert the depth times
into the thickness of the iron-nickel diffusion layer 12 and
the thickness of the nickel layer 14 of the surface-treated
steel sheet 1, to be an actual measurement object.

It 1s to be noted that when the thickness of the iron-nickel
diffusion layer 12 i1s measured as described above with a
high frequency glow discharge optical emission spectromet-
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ric analyzer, sometimes there 1s a detection limit value of the
thickness of the iron-nickel diffusion layer 12, due to the
performances of the high frequency glow discharge optical
emission spectrometric analyzer, the measurement condi-
tions or the like. For example, when a heat-treated nickel-
plated steel sheet 1 prepared by using, as the steel sheet 11,
a steel sheet having a surface roughness Ra of 0.05 to 3 um,
as measured with a stylus-type roughness meter, 1s measured
with a measurement diameter of ¢35 mm of a high frequency
glow discharge optical emission spectrometric analyzer, the
detectable region (detection limit value with respect to
shape) 1s apprommately 0.04 um; when the thickness of the
iron-nickel diffusion layer 12 measured with the high fre-
quency glow discharge optical emission spectrometric ana-
lyzer 1s equal to or less than the detection limit value, the
thickness of the iron-nickel diffusion layer 12 can be
regarded to be more than 0 um and less than 0.04 um. In
other words, in the case where the nickel plating layer 13 1s
formed on the steel sheet 11, and subsequently the iron-
nickel diffusion layer 12 and the nickel layer 14 are formed
by performing a thermal diffusion treatment, even when the
thickness of the iron-nickel diffusion layer 12 1s equal to or
less than the detection limit value in the measurement of the
thickness of the 1ron-nickel diffusion layer 12 by using the
high frequency glow discharge optical emission spectromet-
ric analyzer, the thickness of the 1ron-nickel diffusion layer
12 can be regarded to be more than O um and less than 0.04
um. It 1s to be noted that when the nickel plating layer 13 1s
formed on the steel sheet 11, and then a nickel-plated steel
sheet 1s obtained by applying no thermal diffusion treatment,
the wron-mickel diffusion layer 12 can be regarded not to be
formed 1n the nickel-plated steel sheet (the thickness of the
iron-nickel diffusion layer 12 1s 0).

The thickness of the iron-nickel diffusion layer 12 1s
increased with the increase of the heat treatment tempera-
ture, or with the increase of the heat treatment time which
allows the mutual diffusion of 1ron and nickel to proceed
casily. Because 1ron and nickel mutually diffuse, the formed
iron-nickel diffusion layer 12 extends on the side of the steel
sheet 11 and also diffuses on the side of the nickel plating
layer 13, 1n relation to the interface between the steel sheet
11 and the nickel plating layer 13 before the diffusion. When
the heat treatment temperature 1s set to be too high, or the
heat treatment time 1s set to be too long, the 1ron-nickel
diffusion layer 12 comes to be thick, and the nickel layer 14
canes to be thin. For example, the thickness of the iron-
nickel diffusion layer 12 comes to be more than 0.3 um. The
present inventors have discovered that when such a surface-
treated steel sheet 1s molded into a battery container, there
occurs an increase ol the dissolution amount probably
caused by the increase of the exposure of wron. The causes
for the exposure of 1ron on the mner surface of the battery
container are probably the exposure of a large amount of
iron on the inner surface of the battery container and the
appearance of local 1ron exposure portions, not only in the
case where the thickness of the nickel layer 14 nearly
vanishes and 1ron reaches the surface layer in the surface-
treated steel sheet 1, but also 1n the case where 1iron does not
reach the surface layer in the state of the surface-treated steel
sheet 1. In this case, when the surface-treated steel sheet 1
1s stored or used as a battery container over a long term,
there 1s an adverse possibility that 1ron 1s dissolved from the
local 1ron exposure portions ito the electrolytic solution,
and the gas generated due to the dissolution of iron increases
the 1nternal pressure of the interior of the battery.

In particular, the present inventors have discovered that
the corrosion resistance 1s liable to be more degraded, 1n the
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case where the nickel plating layer 1s made thin for the
purpose of achieving a high battery capacity, or i1n the case
where a processing 1s performed to make the thickness of the
can wall after forming a battery can thinner than the thick-
ness of the surface-treated steel sheet before forming the
battery can; the present inventors have revealed that the
surface-treated steel sheet 1 of the present embodiment
exhibits a marked corrosion resistance even under such
severe processing conditions. Moreover, for the purpose of
achieving a high battery capacity, it 1s possible to make thin
the thickness of the mickel plating layer and to make thin the
thickness of the can wall; however, either of these
approaches offers a factor to degrade the corrosion resis-
tance of the battery container. The present inventors have
found a new problem of the compatibility of these
approaches for achieving a high capacity and the corrosion
resistance 1mprovement with respect to the conventional
surface-treated steel sheets, and have found a new consti-
tution capable of coping with the achievement of a high
capacity.

In the present embodiment, as described above, with
respect to the surface-treated steel sheet 1, by controlling the
total amount of the nickel contamned in the iron-nickel
diffusion layer and the nickel contained 1n the nickel layer so
as to fall within a comparatively small range of 4.4 g/m~ or
more and less than 10.8 g/m?, the thickness of the can wall
can be made thin when the surface-treated steel sheet 1 1s
formed 1nto a battery container, and accordingly the volume
percentage of the obtained battery can be remarkably
improved. Moreover, according to the surface-treated steel
sheet 1 of the present embodiment, by setting the thickness
of the ron-nickel diffusion layer 12 to be 0.04 to 0.31 um,
even when the thickness of the can wall 1s made thin to
improve the volume percentage as described above 1n the
case where the surface-treated steel sheet 1 1s formed 1nto a
battery container, the battery container can be made excel-
lent 1n corrosion resistance. It 1s to be noted that when
thickness of the can wall of a battery container 1s made thin,
the amount of 1ron dissolved on the imner surface of the
battery container sometimes has hitherto come to be large,
and consequently the corrosion resistance of the inner sur-
face of the battery container 1s sometimes degraded. On the
other hand, as a method for improving the corrosion resis-
tance when formed into a battery container, there 1s a method
to make thick the thickness of the iron-nickel diffusion layer
and the thickness of the nickel layer formed on the inner
surface of the battery container; however, 1n this case, there
1s a problem that the thickness of the can wall comes to be
thick when formed into a battery container, and conse-
quently the volume percentage 1s degraded. Accordingly, 1n
the techmque for the surface-treated steel sheet for a battery
container, 1t has been dithcult to allow the volume percent-
age and the corrosion resistance to be compatible with each
other when formed into a battery container. In contrast,
according to the present embodiment, by controlling the
thickness of the 1ron-nickel diffusion layer 12 and the
above-described total amount of the nickel contained in the
iron-nickel diffusion layer 12 and the nickel contained 1n the
nickel layer 14 so as to fall within the above-described
ranges, respectively, 1t 1s possible to provide a surface-
treated steel sheet 1 being highly balanced between the
volume percentage and the corrosion resistance when
formed 1nto a battery container.

In addition, there has hitherto been known a method 1n
which the thickness of the iron-nickel diffusion layer 1s set
to be 0.5 um or more, 1 the surface-treated steel sheet
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layer, for example, from the viewpoint of improving the
processability when molded as a battery container, from the
viewpoint ol improving the corrosion resistance of the
battery container, and from the viewpoint of securing the
adhesiveness of the iron-nickel diffusion layer (see, for
example, the paragraph 0018 1n Japanese Patent Laid-Open
No. 2009-2637277). Herein, 1n order to set the thickness of
the 1ron-nickel diffusion layer to be 0.5 um or more, the
condition of the thermal diffusion treatment after the for-
mation ol the nickel plating layer on the steel sheet 1s
required to be a long time or a high temperature. For
example, when the condition of the thermal diffusion treat-
ment 1s set to be a long time, there have been known the
conditions that the heat treatment temperature 1s set to be
400 to 600° C., and the heat treatment time 1s set to be 1 to
8 hours. In addition, when the condition of the thermal
diffusion treatment 1s set to be a high temperature, there have
been known the conditions that the heat treatment tempera-
ture 1s set to be 700 to 800° C., and the heat treatment time
1s set to be 30 seconds to 2 minutes. Under such circum-
stances, the present inventors have obtained a finding that
when the thermal diffusion treatment i1s performed under the
above-described condition of a long time or a high tempera-
ture, the 1wron of the steel sheet constituting the surface-
treated steel sheet 1s thermally diffused to an excessive
extent, and when the obtained surface-treated steel sheet 1s
molded into a battery container, the amount of 1rron dissolved
1s increased; and accordingly, as described above, the pres-
ent mventors have discovered that gas 1s generated in the
interior of the battery, and the internal pressure of the interior
of the battery 1s liable to be increased due to the generation
of the gas. In addition, when the thermal diffusion treatment
1s performed at a heat treatment temperature of 700 to 800°
C. and at a heat treatment time of 30 seconds to 2 minutes,
there 1s a problem that the hardness of the nickel layer 14 1s
decreased excessively, and consequently the sticking to the
mold occurs to a large extent.

In contrast, according to the present embodiment, with
respect to the surface-treated steel sheet 1, by setting the
thickness of the iron-nickel diffusion layer 12 to be 0.04 to
0.31 wm, and by controlhng the total amount of the nickel
contained 1n the 1ron-nickel diffusion layer and the nickel
contained 1n the nickel layer so as to fall within a range of
4.4 g/m” or more and less than 10.8 g/m~, the exposure area
ol the 1ron of the steel sheet 1s reduced on the inner surface
side when the steel sheet surface-treated steel sheet 1 1s
molded into a battery container, it 1s made possible to
improve the corrosion resistance when the surface-treated
steel sheet 1 1s used as a battery container, and 1n addition,
it 1s made possible to more improve the processability when
the surface-treated steel sheet 1 1s processed nto a battery
container.

In addition, 1n the present embodiment, the thickness of
the nickel layer 14 after the thermal diffusion treatment 1s
preferably 0.5 to 1.20 um, more preferably 0.60 to 1.20 um,
and further preterably 0.70 to 1.17 um. By controlhng the
thickness of the nickel layer 14 after the thermal diffusion
treatment so as to fall within such a comparatively thin range
as described above, while the corrosion resistance improve-
ment effect due to the 1ron-nickel diffusion layer 12 1s being
su

iciently secured, 1t 1s possible to make thin the wall
thickness when molded 1nto a battery container, and thus, 1t
1s possible to increase the volume inside the battery con-
tainer. Herewith, the amounts of the contents such as the
positive electrode mixture 23 and the negative electrode
mixture 24 to be packed in the battery container can be
increased, and the battery properties of the obtained battery
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can be improved. The thickness of the nickel layer 14 after
the thermal diffusion treatment can be determined by detect-
ing the boundary between the nickel layer 14 and the
iron-nickel diffusion layer 12, on the basis of the measure-
ment using the above-described high frequency glow dis-
charge optical emission spectrometric analyzer. In other
words, the time at which the measurement of the surface of
the surface-treated steel sheet 1 1s started by using the high
frequency glow discharge optical emission spectrometric
analyzer 1s taken as the starting point, the measurement time
until the time giving the Fe intensity of 10% of the saturated
value of the Fe intensity 1s calculated, and on the basis of the
calculated measurement time, the thickness of the nickel
layer 14 can be determined.

In addition, 1n the present embodiment, in the nickel layer
14 after the thermal diflusion treatment, the average crystal
grain size in the surface portion thereof 1s preferably 0.2 to
0.6 um, more preferably 0.3 to 0.6 um, and further prefer-
ably 0.3 to 0.5 um. In the present embodiment, the average
crystal grain size 1n the surface portion of the nickel layer 14
1s not particularly limited; when the average crystal grain
s1ze 1s too small, the plating stress remains accumulated, and
in this case, when mold-processed as a battery container, a
deep crack reaching the steel sheet occurs 1n the surface-
treated steel sheet 1, and thus, the iron of the steel sheet 11
1s sometimes exposed. In this case, 1ron 1s dissolved from the
exposed portion of the steel sheet 11, and there 1s an adverse
possibility that the gas generated along with the dissolution
of 1ron increases the internal pressure of the interior of the
battery. On the other hand, as described above, failures occur
when the cracks reaching the steel sheet 11 are generated in
the surface-treated steel sheet 1; however, from the view-
point of improving the battery properties of the battery
container, 1t 1s preferable for fine cracks to occur on the mner
surface side of the battery container formed of the surface-
treated steel sheet 1. In this regard, when the average crystal
grain size 1n the surface portion of the nickel layer 14 is too
large, the hardness of the nickel layer 14 sometimes comes
to be too low (the nickel layer 14 1s softened excessively);
in this case, when the surface-treated steel sheet 1 1s mold-
processed as a battery container, fine cracks cannot be
generated on the mner surface of the battery container, and
accordingly, there 1s an adverse possibility that the following
ellect 1s not sutliciently obtained: the effect of improving the
battery properties, namely, the eflect of improving the bat-
tery properties by increasing the contact area between the
battery container and the positive electrode mixture owing to
the cracks and thereby decreasing the internal resistance of
the battery.

According to the present embodiment, with respect to the
surface-treated steel sheet 1, even 1n the case where the
thickness of the nmickel plating layer 13 1s set to be com-
paratively thin, by setting the thickness of the iron-nickel
diffusion layer 12 to be comparatively as thin as 0.04 to 0.31
um, the exposure area of the imron of the steel sheet is
suppressed on the mner surface side when the steel sheet
surface-treated steel sheet 1 1s molded into a battery con-
tainer, and thus, 1t 1s made possible to improve the corrosion
resistance when the surface-treated steel sheet 1 1s used as a
battery container. In addition, according to the present
embodiment, by controlling the average crystal grain size 1n
the surface portion of the nickel layer 14 so as to be 0.2 to
0.6 um, 1t 1s made possible to more 1mprove the process-
ability when the surface-treated steel sheet 1 1s processed
into a battery container. Moreover, according to the present
embodiment, the thickness of the iron-nickel diffusion layer
12 and the thickness of the nickel layer 14 are set to be
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comparatively thin, accordingly, 1t 1s advantageous 1n terms
of cost to produce the surface-treated steel sheet 1, 1t 1s made
possible to increase the internal volume of the battery
container when the surface-treated steel sheet 1 1s molded
into a battery container and a battery 1s assembled, and thus
the improvement of the battery properties 1s resulted.

It 1s to be noted that the average crystal grain size in the
surface portion of the nickel layer 14 tends to be larger with
the increase of the heat treatment temperature 1n the thermal
diffusion treatment, and the present inventors have discov-
ered that the magnitude of the average crystal grain size
increases 1n a stepwise manner depending on the tempera-
ture range. The crystal grains are larger 1n the case where
heat treatment 1s applied even at a low temperature such as
300° C., as compared with the case where no heat treatment
1s applied. When the heat treatment temperature 1s set to be
between 400 and 600° C., the crystal grain size increases
with the increase of the temperature, but the difference of the
magnitude of the crystal grain size due to the temperature 1s
moderate. When the heat treatment temperature exceeds
700° C., the average crystal grain size steeply increases.
Accordingly, by controlling the heat treatment temperature
of the thermal diffusion treatment, 1t 1s possible to regulate
the average crystal grain size in the surface portion of the
nickel layer 14. In particular, by suppressing the coarsening
of the average crystal grain size and allowing the surface
hardness of the nickel layer 14 to be hard, 1t 1s made possible
to aim at the improvement of the battery properties and the
suppression elfect of the sticking of the nickel layer 14 to the
mold during the processing into the battery container, and
accordingly the heat treatment temperature 1s particularly
preferably 430 to 550° C. In other words, by allowing the
surface hardness of the nickel layer 14 to be hard by setting
the heat treatment temperature so as to fall within the above
described range, 1t 1s made possible to generate fine cracks
not reaching the steel sheet 11, on the mnner surface of the
battery container made of the surface-treated steel sheet 1
when the surface-treated steel sheet 1 1s mold-processed nto
a battery container, the cracks increases the contact area
between the battery container and the positive electrode
mixture and decreases the internal resistance of the battery,
and thus the battery properties can be further improved.

In the present embodiment, the average crystal grain size
in the surface portion of the nickel layer 14 can be deter-
mined, for example, by using the backscattered electron
image obtained by measuring the surface of the surface-
treated steel sheet 1 with a scanning electron microscope
(SEM).

Specifically, first, the surface of the surface-treated steel
sheet 1 1s etched 1I necessary, then the surface of the
surface-treated steel sheet 1 1s measured with a scanning
clectron microscope (SEM), as shown in FIG. 7(A). It 1s to
be noted that FIG. 7(A) 1s an image showing the backscat-
tered electron 1mage obtained by measuring the surface-
treated steel sheet 1 of below-described Example, at an
magnification of 10,000. Then, on the obtained backscat-
tered electron 1image, an optional number of straight line
segments of 10 um 1 length are drawn (four lines, for
example). Then, 1n each of the line segments, on the basis of
the number n of the crystal grains located on the straight line
segment, the crystal grain size d 1s determined by using the
formula d=10/(n+1), and the average value of the crystal
grain sizes d obtained for the respective straight line seg-
ments can be taken as the average crystal grain size in the
surface portion of the nickel plating layer 13.

In addition, 1n the present embodiment, the surface hard-
ness of the nickel layer 14 after the thermal diffusion
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treatment 1s preferably 200 to 280, and more preferably 210
to 250, 1n terms of the Vickers hardness (HV) measured with
a load of 10 gf. By setting the surface hardness of the nickel
layer 14 after the thermal diffusion treatment so as to fall
within the above-described range, the processability 1s
improved when the obtained surface-treated steel sheet 1 1s
processed 1nto a battery container, and the corrosion resis-
tance 1s improved when the surface-treated steel sheet 1 1s
used for the battery container.

In the present embodiment, with respect to the surface-
treated steel sheet 1, as a method for controlling the thick-
ness of the iron-nickel diffusion layer 12 and the total
amount of the nickel contained are controlled 1n the 1ron-
nickel diffusion layer and the nickel contained in the nickel
layer so as to fall within the above-described ranges, respec-
tively, a method for performing the thermal diffusion treat-
ment under the above-described conditions may be men-
tioned. Specifically, there may be mentioned a method in
which after the nickel plating layer 13 1s formed on the steel
sheet 11, a thermal diffusion treatment 1s performed under
the conditions that the heat treatment temperature 1s 4350 to
600° C., and the heat treatment time 1s 30 seconds to 2
minutes.

In addition, 1n the present embodiment, with respect to the
obtained surface-treated steel sheet 1, also as the method for
controlling the average crystal grain size in the surface
portion of the nickel layer 14 so as to fall within the
above-described range, a method of performing a thermal
diffusion treatment under the same conditions as described
above may be mentioned. Specifically, there may be men-
tioned a method 1 which after the nickel plating layer 13 1s
formed on the steel sheet 11, a thermal diffusion treatment
1s performed under the conditions that the heat treatment

temperature 1s 4350 to 600° C., and the heat treatment time 1s
30 seconds to 2 minutes.

It 1s to be noted that the thickness of the iron-nickel
diffusion layer 12 tends to be thick, with the increase of the
heat treatment temperature, and with the increase of the heat
treatment time. Accordingly, by controlling the heat treat-
ment temperature and the heat treatment time of the thermal
diffusion treatment, it 1s possible to regulate the thickness of
the iron-nickel diffusion layer 12 and the ratio of (thickness
ol 1ron-nickel diffusion layer 12/thickness of nickel layer
14). However, because 1t 1s diflicult to form an iron-nickel
diffusion layer at 300° C., from the viewpoint of controlling
the thickness of the iron-nickel diffusion layer 12, and the
rat1o of (thickness of 1rron-nickel diffusion layer 12/thickness
of nickel layer 14) so as to fall within the above-described
ranges, 1t 1s preferable to perform a thermal diflusion treat-
ment at 480° C. or higher.

The surface-treated steel sheet 1 of the present embodi-
ment 1s constituted as described above.

The surface-treated steel sheet 1 of the present embodi-
ment 1s used as mold-processed into the positive electrode
can 21 of an alkaline battery 2 shown in FIGS. 1 and 2,
battery containers of other batteries and the like, by using,
for example, a deep drawing processing method, a drawing
and 1roning processing method (DI processing method), a
drawing thin and redrawing processing method (DTR pro-
cessing method), or a processing method using a stretch
processing and an 1roning processing in combination aiter a
drawing processing.

<Method for Producing Surface-Treated Steel Sheet 1>

Next, a method for producing the surface-treated steel
sheet 1 of the present embodiment 1s described.

First, the steel sheet 11 1s prepared, and as described
above, a nickel plating 1s applied to the steel sheet 11, to
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form the nickel plating layer 13 on the surface of the steel
sheet 11, to be the 1nner surface of a battery container. It 1s
to be noted that the mickel plating layer 13 1s preferably
formed not only on the surface of the steel sheet 11 to be the
inner surface of the battery container but also on the opposite
surface. When the nickel plating layer 13 1s formed on both
surfaces of the steel sheet 11, the nickel plating layers 13
different from each other 1n the composition and the surface
roughness may be formed on the surface 1n the steel sheet 11
to be the mner surface of the battery container and on the
surface of the steel sheet 11 to be the outer surface of the
battery container, respectively, by using plating baths having
different compositions; however, from the viewpoint of
improving the production efliciency, it 1s preferable to form
the nickel plating layers 13 on both surfaces of the steel
sheet 11, by using the same plating bath 1n one step.

Next, by performing the thermal diffusion treatment under
the above-described conditions for the steel sheet 11 having
the mickel plating layer 13 formed thereon, the 1ron consti-
tuting the steel sheet 11 and the nickel constituting the nickel
plating layer 13 are allowed to thermally diffuse, to from the
iron-nickel diffusion layer 12 and the nickel layer 14.
Herewith, the surface-treated steel sheet 1 as shown 1n FIG.
3 1s obtained.

It 1s to be noted that in the present embodiment, a temper
rolling may be applied to the obtained surface-treated steel
sheet 1. Herewith, 1t 1s possible to regulate the surface
roughness of the surface of the surface-treated steel sheet 1
to be the inner surface of the battery container; when the
surface-treated steel sheet 1 1s used as a battery container,
the contact area between the battery container and the
positive electrode mixture can be increased, the internal
resistance of the battery can be decreased, and the battery
properties can be improved.

As described above, the surface-treated steel sheet 1 of the
present embodiment 1s produced.

In the surface-treated steel sheet 1 of the present embodi-
ment, as described above, by controlling the total amount of
the nickel contained 1n the 1ron-nickel diffusion layer and the
nickel contained in the nickel layer so as to fall within a
comparatively small range of 4.4 g/m” or more and less than
10.8 g/m*, and by setting the thickness of the iron-nickel
diffusion layer 12 measured with a high frequency glow
discharge optical emission spectrometric analyzer so as to
fall within a comparatively thin range of 0.04 to 0.31 um,
with respect to the obtained alkaline battery 2, while the
volume percentage 1s being remarkably improved by making
thin the thickness of the can wall of the battery container,
turther 1t 1s possible to suppress the iron exposure area of the
steel sheet on the mner surface side of the battery container
and to improve corrosion resistance of the battery container.
In addition, as described above, by setting the average
crystal grain size 1n the surface portion of the nickel layer 14
so as to be preferably 0.2 to 0.6 um, the hardness of the
nickel layer 14 can be made appropnate, and herewith, the
following excellent eflect 1s obtained: when the surface-
treated steel sheet 1 1s mold-processed 1nto a battery con-
tainer, while the exposure of 1ron due to deep cracks
generated in the surface-treated steel sheet 1 1s being eflec-
tively suppressed, fine cracks are generated on the inner
surface of the battery container, and consequently the battery
properties are more ellectively improved. Moreover, as
described above, by setting the thickness of the nickel layer
14 to be preferably 0.5 um or more, the corrosion resistance
1s more 1mproved when the surface-treated steel sheet 1 1s
used for the battery container, and 1t 1s possible to more
ellectively prevent the gas generation in such an interior of
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a battery and the increase of the internal pressure of the
interior of the battery due to the gas generation. Accordingly,
the surface-treated steel sheet 1 of the present embodiment
can be suitably used as the battery containers of the batteries
such as alkaline batteries, the batteries using alkaline elec-
trolytic solutions such as nickel-hydrogen batteries, and
lithium-10n batteries.

EXAMPLES

Hereinatter, the present invention 1s described more spe-
cifically with reference to Examples, but the present inven-
tion 1s not limited to these Examples.

Reference Example A

As a base sheet, there was prepared a steel sheet 11
obtained by annealing a cold rolled sheet (thickness: 0.25
mm) of a low-carbon aluminum-killed steel having the
chemical composition shown below:

C: 0.045% by weight, Mn: 0.23% by weight, S1: 0.02% by
weight, P: 0.012% by weight, S: 0.009% by weight, Al:
0.063% by weight, N: 0.0036% by weight, the balance: Fe
and 1nevitable impurities.

Then, the prepared steel sheet 11 was subjected to alkaline
electrolytic degreasing and sulfuric acid immersion pickling,
then subjected to electrolytic plating under the below-
described conditions, and thus a nickel plating layer 13 was
formed on the steel sheet 11 so as to have a deposition
amount of 10.7 g/m*. Subsequently, as for the thickness of
the nickel plating layer 13, the deposition amount thereof
was determined by performing a fluorescent X-ray measure-
ment. The results thus obtained are shown in Table 1.

Bath composition: nickel sulfate: 250 g/L., mickel chlo-
ride: 45 g/L, boric acid: 45 g/L

pH: 3.5 to 4.5

Bath temperature: 60° C.

Electric current density: 20 A/dm”

Energizing time: 18 seconds

Next, the steel sheet 11 having the nickel plating layer 13
formed thereon was subjected to a thermal diffusion treat-
ment by continuous annealing under the conditions of a heat
treatment temperature of 430° C., a heat treatment time of 1
minute, and a reductive atmosphere, and thus an 1ron-nickel
diffusion layer 12 and a nickel layer 14 were formed, to
obtain a surface-treated steel sheet 1.

Next, the obtained surface-treated steel sheet 1 was sub-
jected to a temper rolling under the condition of an extension
percentage ol 1%.

Then, by using the surface-treated steel sheet 1 after the
temper rolling, according to the below-described methods,
the measurement of the thickness of the 1ron-nickel diffusion
layer 12 and the thickness of the nickel layer 14, the
measurement of the surface hardness of the nickel layer 14,
the measurement of the average crystal grain size of the
nickel layer 14, and the observation of the surface with a
scanning electron microscope (SEM) were performed.

<Measurement of Thickness of Iron-Nickel Diflusion
Layer 12 and Thickness of Nickel Layer 14>

With respect to the surface-treated steel sheet 1, by using
a high frequency glow discharge optical emission spectro-
metric analyzer, the vanations of the Fe intensity and the Ni
intensity were continuously measured 1n the depth direction
from the outermost layer toward the steel sheet 11, the time
giving the Fe intensity of 10% of the saturated value of the
Fe intensity 1s taken as the starting point, the measurement
time until the time giving the N1 intensity an intensity of
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10% of the maximum value of the N1 intensity after the Ni
intensity had exhibited the maximum value thereof was
calculated, and on the basis of the calculated measurement
time, the thickness of the wron-nickel diflusion layer 12 was
determined. It 1s to be noted that when the thickness of the
iron-nickel diffusion layer 12 was determined, the thickness
of the 1ron-nickel diffusion layer 12 was measured, first, on
the basis of the results (FIG. 5(C)) obtained by performing
the high frequency glow discharge optical emission spec-
trometric analysis of the below-described nickel-plated steel
sheet (Comparative Example 1) undergoing no thermal
diffusion treatment, the measurements were performed by
taking as the reference thickness the thickness measured as
the 1ron-nickel diffusion layer (the value obtained by con-
verting the measurement time 1nto the thickness as follows:
in FIG. 5(C), the time giving the Fe intensity 10% of the
saturated value of the Fe intensity was taken as the starting
point, the measurement time until the time giving the Ni
intensity 10% of the maximum value after the Ni intensity
had exhibited the maximum value thereof was converted
into the thickness). It 1s to be noted that the reference
thickness was 0.30 um. In addition, the thickness of the
actual 1ron-nickel diffusion layer 12 in Example 1 was
determined by subtracting the reference thickness from the
measurement result of the thickness of the ron-nickel dif-
fusion layer 12 of the surface-treated steel sheet of Example
1. In addition, for the nickel layer 14, by taking as the
starting point the time at which the measurement of the
surface of the surface-treated steel sheet 1 was started with
the high frequency glow discharge optical emission spec-
trometric analyzer, the measurement time until the Fe inten-
sity was given an intensity of 10% of the saturated value of
the Fe intensity was calculated, and on the basis of the
calculated measurement time, the thickness of the nickel
layer 14 was determined. Then, on the basis of the mea-
surement result, the ratio of the thickness of the iron-nickel
diffusion layer 12 to the thickness of the nickel layer 14
(thickness of 1ron-nickel diffusion layer 12/thickness of
nickel layer 14) was determined. The results thus obtained
are shown 1n FIG. 5(A) and Table 1. It 1s to be noted that,
in Table 1, the ratio of (thickness of 1ron-nickel diffusion
layer 12/thickness of nickel layer 14) was described as
“Thickness ratio Fe—Ni1/N1.”

It 1s to be noted that 1n relation to the measurement on the
high frequency glow discharge optical emission spectromet-
ric analyzer, the reference thickness calculated from the
measurement of the nickel plating layer comes to be thick
with the increase of the thickness of the nickel plating layer;
and accordingly, 1t 1s preferable to examine the reference
thickness 1n each of the plating amount when the iron-nickel
diffusion layer 1s determined, or alternatively, it 1s preferable
to determine the thickness of the 1ron-nickel diffusion layer
by deriving the relation formula between the plating amount
and the reference thickness by performing the reference
thickness measurement of two or more samples different
from each other in the plating amount, before being sub-
jected to heat treatment.

<Measurement ol Surface Hardness of Nickel Layer 14>

For the nickel layer 14 of the surface-treated steel sheet 1,
the surface hardness measurement was performed by mea-
suring the Vickers hardness (HV) with a micro hardness
tester (model: MVK-G2, manufactured by Akashi Sei-
sakusho Co., Ltd.), by using a diamond indenter, under the
conditions of a load of 10 gf and a holding time of 10
seconds. The results thus obtained are shown in FIG. 6.

<Measurement of Average Crystal Grain Size of Nickel
Layer 14>




US 11,196,114 B2

19

First, the surface of the surface-treated steel sheet 1 was
etched. Specifically, 0.1 ml of an aqueous solution prepared
by dissolving copper sulfate hydrate 1n a concentration of
200 g/LL was dropwise placed on the surface of the surface-
treated steel sheet 1, immediately thereafter 0.1 ml of
hydrochloric acid was dropwise placed an the same surface,
the aqueous solution and the hydrochloric acid were held for
30 seconds to perform etching, and subsequently the surface
of the surface-treated steel sheet 1 was washed with water
and dried. Next, a backscattered electron image of the
surface of the surface-treated steel sheet 1 was obtained by
using a scanmng electron microscope (SEM), four straight
line segments were drawn an the obtained backscattered
clectron 1mage as shown in FIG. 7(A), and according to the
above-described method, from the number of the crystal
grains located on the individual straight line segments, the
average crystal grain size of the nickel layer 14 was calcu-
lated. The results thus obtained are shown 1n FIG. 7(A) and
Table 1.

<Observation of Surface with Scanning Flectron Micro-
scope (SEM)>

By using the surface-treated steel sheet 1, a LR6 (JIS)
battery container was prepared in such a way that the nickel
layer 14 was placed an the 1mnner surface side of the battery
container, and the thickness of the can wall 1s 0.15 mm.
Then, 1n the obtained battery container, the portions of 10
mm, 25 mm, and 40 mm from the bottom were measured
with a scanning electron microscope (SEM) and an energy
dispersion type X-ray analysis, and thus the backscattered
clectron 1mages, the element maps of 1ron, and the element
maps of nickel were obtained. The results thus obtained are
shown 1n FIGS. 8(A) to 8(C). It 1s to be noted that in FIGS.
8(A) to 8(C), the mmages denoted by “Image” are the
backscattered electron 1images, and the images denoted by
“Feka” are the element maps of 1rron and the 1mages denoted
by “Nika” are the element maps of nickel. It 1s to be noted
that 1n the element maps of 1ron, the portions where the ko
lines due to 1ron were observed are white. Also, 1n the
clement maps of nickel, similarly, the portions where the ko
lines due to nickel were observed are white. The images of
the element maps of iron were binarized with an 1mage
processing software, and the area proportion of the white
portions 1n relation to the whole of the obtained image

(namely, the exposed area proportion of 1ron) was measured.
The results thus obtained are shown in FIG. 14 and Table 2.

Example 1

A surface-treated steel sheet 1 was prepared 1n the same
manner as 1 Reference Example A except that the heat
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11 having a nickel plating layer 13 formed thereon; and the
measurements and the observations were performed 1n the

same manner. The results thus obtained are shown i1n FIGS.
5(B), 6, 7(B), 9, and 14, and Tables 1 and 2.

Comparative Example 1

A nickel-plated steel sheet was prepared under the same
conditions as 1 Example 1 except that the steel sheet 11
having a nickel plating layer 13 formed thereon was not
subjected to either of the thermal diffusion treatment and the
temper rolling. Then, the prepared nickel-plated steel sheet
was subjected to measurements, as described above, on the
basis of the high frequency glow discharge optical emission
spectrometric analysis to obtain the measurement results
shown 1 FIG. 5(C), and the measurements were performed
by taking as the reference thickness the thickness measured
as the iron-nickel diffusion layer (the value obtained by
converting the measurement time into the thickness as
follows: 1 FIG. 5(C), the time giving the Fe intensity 10%
of the saturated value of the Fe intensity was taken as the
starting point, the measurement time until the time giving
the N1 intensity 10% of the maximum value after the Ni

intensity had exhibited the maximum value thereof was
converted into the thickness). It 1s to be noted that in
Comparative Example 1, the surface hardness and the aver-
age crystal grain size of the nickel plating layer 13 were
measured, 1n place of the surface hardness and the average
crystal grain size of the mickel layer 14. It 1s to be noted that
in Comparative Example 1, when the average crystal grain
s1ze of the nickel plating layer 13 was measured, the surface
ctching was not performed. The results thus obtained are

shown 1 FIGS. 5(C), 6, 7(C), 10, and 14, and Tables 1 and
2.

Comparative Example 2

A surface-treated steel sheet 1 was prepared 1n the same
manner as 1 Example 1 except that the heat treatment
temperature was set to be 700° C. when the thermal diffusion
treatment was performed for the steel sheet 11 having a
nickel plating layer 13 formed thereon, and no temper
rolling was performed; and the measurements and the obser-
vations were performed 1n the same manner. It 1s to be noted
that in Comparative Example 2, when the average crystal
grain size of the nickel layer 14 was measured, the surface

etching was not performed. The results thus obtained are
shown 1n FIGS. 5(D), 6, 7(D), 11, and 14, and Tables 1 and

2.

TABL.

LLl
[

After heat treatment

Iron-nickel diffusion Thickness Nickel layer 14

Plating amount Temperature Time
[min]

(g/m”) " C]

Reference Example A 10.7 430
Example 1 10.7 600
Comparative Example 1 10.7 —
Comparative Example 2 10.7 700

1

1

1

rat1o Average crystal

Nickel layer 14 layer 12

Thickness [um] Thickness [um] Fe-NI/N1  grain size [um]
1.12 More than 0 pm, less 0 < 0.21
than 0.04 pm
1.17 0.24 0.205 0.45
Reference thickness Reference thickness 0.05%
0.65 0.5 0.769 0.93

*The average crystal grain size of the nickel plating layer 13 was measured.

treatment temperature was set to be 600° C. when the
thermal diffusion treatment was performed for the steel sheet

65
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TABLE 2
Heat treatment Exposed area
conditions proportion
Temperature Time Measurement of iron
[ C.] [min] positions [90]

Reference 430 1 10 mm from bottom 8.46
Example A 25 mm from bottom 7.12
40 mm from bottom 5.52

Example 1 600 1 10 mm from bottom 10.08
25 mm from bottom 9.63

40 mm from bottom 7.84

Comparative — — 10 mm from bottom 6.83
Example 1 25 mm from bottom 5.15
40 mm from bottom 6.15

Comparative 700 1 10 mm from bottom 12.74
Example 2 25 mm from bottom 17.63
40 mm from bottom 18.50

Retference Example 1

As a base sheet, the same steel sheet 11 as 1n Example 1
was prepared. Then, the prepared steel sheet 11 was sub-
jected to alkaline electrolytic degreasing and sulfuric acid
immersion pickling, then subjected to electrolytic plating
under the below-described conditions, and thus a nickel
plating layer 13 was formed on the steel sheet 11 so as to
have a thickness of 20 m. It 1s to be noted that as for the
thickness of the nickel plating layer 13, the deposition
amount thereof was determined by performing a fluorescent
X-ray measurement.

Bath composition: Nickel sulfate: 250 g/L, nickel chlo-
ride: 45 g/L., boric acid: 45 g/L

pH: 3.5 to 4.5

Bath temperature: 60° C.

Then, a backscattered electron image of the surface of the
steel sheet 11 having the nickel plating layer 13 formed
thereon was obtained by measuring with a scanning electron
microscope (SEM). The results thus obtained are shown in
FIGS. 12(A) and 13(A). It 1s to be noted that FIG. 13(A) 1s
an 1mage obtained by enlarging FIG. 12(A).

Next, for the steel sheet 11 having the nickel plating layer
13 formed thereon, the measurement of the surface hardness
of the nickel plating layer 13 was performed by the same
method as 1n the above-described measurement of the sur-
face hardness of the nickel layer 14. The results thus
obtained are shown in FIG. 15.

Reference Example 2

A steel sheet 11 was prepared 1n the same manner as in
Retference Example 1, and a nickel plating layer 13 was
tormed on the steel sheet 11. Next, the steel sheet 11 having
the nickel plating layer 13 formed thereon was subjected to
a thermal diflusion treatment by continuous annealing under
the conditions of a heat treatment temperature of 300° C., a
heat treatment time of 41 seconds, and a reductive atmo-
sphere, and thus an 1ron-nickel diffusion layer 12 and a
nickel layer 14 were formed, to obtain a surface-treated steel
sheet 1.

Then, a backscattered electron image of the surface of the
obtained surface-treated steel sheet 1 was obtained in the
same manner as 1n Reference Example 1, and the measure-
ment of the surface hardness of the nickel layer 14 was
performed. The results thus obtained are shown in FIG. 15.

Reference Examples 3 to 8

Surface-treated steel sheets 1 were prepared 1n the same
manner as 1 Reference Example 2 except that when the
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steel sheet 11 having a nickel plating layer 13 formed
thereon was subjected to the thermal diflusion treatment, the
heat treatment temperature was set to be 400° C. (Reference
Example 3), 500° C. (Reference Example 4), 600° C.
(Reference Example 5), 700° C. (Reference Example 6),
800° C. (Reference Example 7), and 900° C. (Reference
Example 8); the measurements were performed in the same

manner as in Reference Example 1. The results thus
obtained are shown 1n FIGS. 12(B) to 12(E), 13(B) to 13(E),

and 15.

As shown in Table 1, in Reference Example A and
Example 1 1n each of which the thickness of the 1rron-nickel
diffusion layer 12 1s 0.04 to 0.31 um, and the total amount
of the nickel contained 1n the 1ron-nickel diffusion layer and
the nickel contained in the nickel layer is 4.4 g/m” or more
and less than 10.8 g/m?, the ka lines of iron originating from
the diffusion of the steel sheet 11 up to the surface of the
surtace-treated steel sheet 1 were not observed as shown 1n
the element maps of wron 1n FIGS. 8 and 9. Specifically, as

shown 1n FIG. 14 and Table 2, 1n each of Reference Example
A and Example 1, the area proportion (the exposed area
proportion of 1ron) of the white portions 1n relation to the
whole of the element map of 1ron was as small as 11% or
less, and the ko lines of 1ron originating from the diffusion
of the steel sheet 11 up to the surface of the surface-treated
steel sheet 1 were not observed. It 1s to be noted that 1n the
clement map of 1ron 1n each of FIGS. 8 and 9, the white
portions 1n which the ka line of iron was observed were
sparsely present, and this was probably caused by the
extremely slight exposure of the steel sheet 11 through fine
scratches on the surface of the surface-treated steel sheet 1,
and 1t can be determined that such white portions were not
caused by the diffusion of the steel sheet 11 up to the surface
of the surface-treated steel sheet 1, due to the thermal
diffusion treatment.

In addition, as shown 1n FIG. 7, 1n Reference Example A
and Example 1 mvolving the application of the thermal
diffusion treatment, as compared with Comparatwe
Example 1 free from the application of the thermal diffusion
treatment, 1t can be seen that with the increase of the heat
treatment temperature 1n the thermal diflusion treatment, the
crystal grains grew (namely, the crystal grain sizes were
increased). This 1s probably ascribable to the progress of the
recrystallization of the grains constituting the nickel layer 14
to 1ncrease the crystal grain sizes with the increase of the
heat treatment temperature.

In addition, as shown 1n FIG. 15, from the measurement
results of the surface hardness i Reference Examples 1 to
8, it can be verified that by setting the heat treatment
temperature in the thermal diffusion treatment to be higher
than 300° C., the surface hardness of the nickel layer 14 was
decreased (the nickel plating layer 13 1s softened) This fact
suggests that the recrystallization of the grams constituting
the nickel layer 14 was allowed to progress. It 1s to be noted
that 1n Reference Examples 1 to 8, the thickness of the nickel
plating layer 13 was set to be as thick as 20 um, and
accordingly, the hardness of the nickel layer 14 was able to
be appropriately measured, without being aflected by the
steel sheet 11 serving as the substrate. Accordingly, 1t 1s
conceilvable that in Reference Example A and Example 1
setting the heat treatment temperature of the thermal diffu-
s10on treatment to be 400° C. or 630° C., the recrystallization
of the grains constituting the nickel layer 14 1s allowed to
progress, and the surface hardness of the nickel layer 14 1s
allowed to be appropriate.

On the other hand, as shown 1n Table 1, Comparatlve

Example 1 free from the application of the thermal diffusion
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treatment, the average crystal grain size of the nickel layer
14 ended up with less than 0.2 um. Herewith, 1t 1s conceiv-
able that in Comparative Example 1, the surface hardness of
the nickel layer 14 came to be too high, and when the
surface-treated steel sheet 1 was mold-processed into a
battery container, deep cracks to reach the steel sheet 11
were caused 1n the surface-treated steel sheet 1, the 1ron of
the steel sheet 11 was exposed, and the corrosion resistance
of the battery container was degraded.

In addition, as shown 1n Table 1, in Comparative Example
2 setting the heat treatment temperature of the thermal
diffusion treatment to be 700° C., the thickness of the
iron-nickel diffusion layer 12 ended up to be 0.5 um or more,
and the thickness of the nickel layer 14 came to be less than
0.85 um; herewith, as shown in the element maps of iron 1n
FIG. 11, the ko lines of 1ron originating from the diffusion
of the 1ron of the steel sheet 11 up to the vicinity of the
surtace of the surface-treated steel sheet 1 were observed. In
other words, as compared with above-described FIGS. 8 and
9, 1n the element maps of wron 1 FIG. 11, the white points
originating from the ka lines of 1ron are larger 1n number,
and moreover present 1n a getting together manner (actually,
when referring to FIG. 14 and Table 2, 1n the element maps
of 1ron 1n each of FIGS. 8 and 9 (Reference Example A,
Example 1), the area proportions (the exposed area propor-
tion of 1ron) of the white portions 1n relation to the whole of
the 1mage 1s 11% or less; on the other hand, in the element
maps of 1wron of FIG. 11 (Comparative Example 2), the
proportions concerned are as high as 15% or more at the
positions of 25 mm and 40 mm from the bottom).

In particular, in Comparative Example 2 adopting a heat
treatment temperature of 700° C., as compared with Refer-
ence Example A and Example 1 adopting heat treatment
temperatures of 430° C. and 600° C., respectively, the
exposed area proportion of 1ron 1s increased at any of the
positions of 10 mm, 25 mm and 40 mm, respectively, from
the bottom of the battery container. Such an increase of the
exposed area proportion of 1ron 1n Comparative Example 2
1s particularly remarkable at the positions of 25 mm and 40
mm from the bottom of the battery container. This indicates
that when the battery container 1s formed by using the
surface-treated steel sheet 1, with the increase of the distance
from the bottom of the battery container, namely, with the
decrease of the distance from the opening of the battery
container, the surface-treated steel sheet 1 undergoes the
drawing forces 1n the stretching direction (the press direction
during being molded into the battery container) and the
circumierential direction, and consequently undergoes a
higher load processing 1n each of these directions.

It 1s conceivable that in Comparative Example 2 adopting
a heat treatment temperature of 700° C., the thermal diffu-
s10n treatment proceeded to an excessive extent to make the
thickness of the nickel layer 14 too thin, and accordingly, in
the portions undergoing the application of the above-de-
scribed high load processing (the portions distant from the
bottom of the battery container), the exposure of the 1ron of
the steel sheet 11 1s increased. This can also be verified from
the element maps of 1ron and the element maps of nickel,
shown 1n FIG. 11. Specifically, when referring to FIG. 11, 1n
the element maps of 1ron, with the increase of the dlstance
from the bottom of the battery container, the exposed area
proportion of 1ron 1s 1ncreased, and the portions allowing
iron to be exposed 1 a getting together manner are
increased. When such element maps of iron are compared
with the corresponding element maps of nickel, the positions
of the portions allowing iron to be exposed in a getting
together manner 1n the element maps of 1ron correspond to
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the positions of the portions having smaller detection
amounts of nickel 1n the element maps of nickel. Herewith,

it 1s possible to verily that in Comparative Example 2, the
exposure of 1ron 1s increased in the thinner-thickness por-
tions of the nickel layer 14.

From this fact, 1t 1s conceivable that the diffusion of the
iron of the steel sheet 11 up to the vicinity of the surface of
the surface-treated steel sheet 1 allows the ron-nickel dit-
fusion to proceed to an excessive extent, consequently the
nickel layer of the surface layer canes to be too thin, and
accordingly, when the surface-treated steel sheet 1 1s press
molded, the coating with nickel on the mnner surface of the
battery can comes to be incomplete. Moreover, as shown 1n
Table 1, 1n Comparative Example 2, the average crystal
grain size of the mickel layer 14 was more than 0.6 um, and
as can be seen from FIG. 6, the Vickers hardness was lower
as compared with the Vickers hardnesses of Reference
Example A and Example 1.

It 15 to be noted that as far as the numerical values of the
exposed area proportion of 1ron shown in FIG. 14 and Table
2, Comparative Example 1 free from the application of the
thermal diffusion treatment tends to exhibit lower values as
compared with Reference Example A and Example 0.1
undergoing a thermal diffusion treatment at 430° C. and
600° C., respectively. However, when referring to the ele-
ment maps shown 1n FIG. 10, in Comparative Example 1, as
compared with the element maps of Reference Example A
and Example 1 shown i FIGS. 8 and 9, respectively, the
exposure ol iron tends to occur at specific positions in a
getting together manner, and 1n particular, this tendency 1s
remarkable 1n the element map at a position of 10 mm from
the bottom of the battery container. This 1s probably ascrib-
able to the too hard nickel plating layer 13 on the surface 1n
Comparative Example 1 free from the application of a
thermal diffusion treatment. In other words, when the sur-
face-treated steel sheet 1 1s molded into a battery container,
the bottom portion of the battery container 1s brought into
contact with the circumfierential portion of the punch used
for press to undergo bending work; the surface-treated steel
sheet 1 of Comparative Example 1 has the too hard mickel
plating layer 13 on the surface, and accordingly, during this
bending work, deep cracks tend to be generated on the
surface of the surface-treated steel sheet 1. Accordingly, 1n
the case where the surface-treated steel sheet 1 of Compara-
tive Example 1 1s used as a battery container, when deep
cracks are generated on the surface thereof, 1ron 1s locally
exposed to be dissolved into the electrolytic solution, and
gas 1s liable to be generated in the interior of the battery
along with the dissolution of iron. The generation of such
gas 1s liable to increase the internal pressure in the interior
of the battery.

Example 2

As a base sheet, there was prepared a steel sheet 11
obtained by annealing a cold rolled sheet (thickness: 0.25 m)
of a low-carbon aluminum-killed steel having the chemical
composition shown below:

C: 0.045% by weight, Mn: 0.23% by weight, S1: 0.02% by
weight, P: 0.012% by weight, S: 0.009% by weight, Al:
0.063% by weight, N: 0.0036% by weight, the balance: Fe
and inevitable impurities

Then, the prepared steel sheet 11 was subjected to alkaline
clectrolytic degreasing and sulfuric acid immersion pickling,
then subjected to electrolytic plating under the below-
described conditions, and thus a nickel plating layer 13 was
formed on the steel sheet 11 so as to have a deposition
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amount of 8.9 g/m”. Subsequently, as for the thickness of the
nickel plating layer 13, the deposition amount thereof was
determined by performing a fluorescent X-ray measurement.

Bath composition: Nickel sulfate: 250 g/L., nickel chlo-
ride: 45 g/L., boric acid: 45 g/L

pH: 3.5 to 4.5

Bath temperature: 60° C.

Electric current density: 20 A/dm~

Energizing time: 16 seconds

Next, the steel sheet 11 having the nickel plating layer 13
tformed thereon was subjected to a thermal diffusion treat-
ment by continuous annealing under the conditions of a heat
treatment temperature of 480° C., a heat treatment time o1 30
seconds, and a reductive atmosphere, and thus an iron-nickel

10

Before heat

treatment

Plating amount Temperature

(g/m”)
Example 2 10.1
Example 3 4.5
Example 4 9.2
Example 5 9.9
Example 6 10.0
Example 7 10.1
Example ¥ 9.8
Example 9 10.7
Comparative 9.0
Example 3
Comparative 9.7
Example 4
Comparative 9.9
Example 5
Comparative 18.6
Example 6

diffusion layer 12 and a nickel layer 14 were formed, to
obtain a surface-treated steel sheet 1.

Next, the obtained surface-treated steel sheet 1 was sub-
jected to a temper rolling under the condition of an extension
percentage of 1%. The thickness of the surface-treated steel
sheet 1 after the temper rolling was 0.250 mm.

Then, by using the surface-treated steel sheet 1, according
to the above-described method, the thicknesses of the 1ron-
nickel diffusion layer 12 and the nickel layver 14 were
measured. In addition, on the basis of the measured results,
the ratio of the thickness of the 1ron-nickel diffusion layer 12
to the thickness of the nickel layer 14 (thickness of 1ron-
nickel diffusion layer 12/thickness of nickel layer 14) was
determined. The results thus obtained are shown 1n Table 3.

Examples 3 to 9

In each of Examples 3 to 9, a surface-treated steel sheet
1 was obtained in the same manner as 1n Example 3 except
that the thickness of the nickel plating layer 13, and the
continuous annealing conditions (heat treatment conditions)
tor the steel sheet 11 having a mickel plating layer 13 formed
thereon were altered as shown 1n Table 3, and the measure-
ments were performed 1n the same manner. The results thus
obtained are shown in Table 3.

Comparative Example 3

A mickel-plated steel sheet was prepared under the same
conditions as 1n Example 3 except that neither a continuous
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annealing nor a temper rolling was performed after the
formation of the nickel plating layer 13. The results thus
obtained are shown 1n Table 3.

Comparative Examples 4 to 6

In each of Comparative Examples 4 to 6, a surface-treated
steel sheet 1 was obtained 1n the same manner as in Example
3 except that the thickness of the nickel plating layer 13, and
the continuous annealing conditions (heat treatment condi-
tions) for the steel sheet 11 having a nmickel plating layer 13
formed thereon were altered as shown i1n Table 3, and the
measurements were performed in the same manner. The
results thus obtained are shown in Table 3.

TABL.

L1l

3

Heat treatment After heat treatment

conditions Iron-nickel diffusion Thickness

Nickel layer 14 layer 12 ratio

[° C.] Time  Thickness [um]  Thickness [um] Fe-Ni/Ni
480 30 sec 1.09 0.10 0.092
500 30 sec 0.47 0.07 0.159
500 30 sec 0.97 0.13 0.13
500 30 sec 1.04 0.14 0.135
500 60 sec 1.05 0.14 0.133
550 30 sec 1.06 0.15 0.142
580 60 sec 1.00 0.20 0.200
600 30 sec 1.07 0.26 0.243
— — 1.00 Absent —
500 60 min 0.91 0.35 0.39
700 30 sec 0.89 0.44 0.494
700 30 sec 1.87 0.45 0.241

Next, the surface-treated steel sheets 1 of Examples 3 and
4 and Comparative Examples 4 to 6, and the nickel-plated
steel sheet of Comparative Example 3 were evaluated
according to the below-described method, with respect to
the corrosion resistance when each of these steel sheets was
molded into a battery container.
<Evaluation of Corrosion Resistance (1)>

A blank was prepared by punching out a surface-treated
steel sheet 1 mto a predetermined shape with a press
machine, the obtained blank was subjected to a drawing
processing under the below-described conditions in such a
way that the nickel layer 14 was on the inner surface side,
and thus a battery container was prepared (it 1s to be noted
that when a nickel-plated steel sheet was used, a battery
container was prepared 1n such a way that the nickel plating
layer 13 was on the mner surface side). Specifically, a
tubular body was obtained by applying a drawing and
ironing processing to the blank by using a drawing and
ironing machine including drawing dies (or ironing dies)
arranged 1n six stages and a punch, and a battery container
was obtained by cutting the lug part in the vicinity of the
opening of the obtained tubular body. The drawing process-
ing used the dies 1n each of which the clearance was set 1n
such a way that the thickness of the can wall at a position of
10 mm from the can bottom after processing was £5%. Next,
the obtained battery container was evaluated with respect to
the amount of Fe 1ons dissolved as follows: the obtained
battery container was filled with a 10 mol/LL potassium
hydroxide solution, sealed and stored under the conditions
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of 60° C., 480 hours, then the amount of Fe 1ons dissolved
from the mmner surface of the battery container into the
solution was measured with a high frequency inductively
coupled plasma emission spectrometric analyzer (ICP)
(ICPE-9000, manufactured by Shimadzu Corp.), and the
amount of Fe 1ons dissolved was evaluated on the basis of
the following standards. When the evaluation was A or B in
the following standards, the dissolution of 1ron from the
inner surface of the battery container was determined to be
suiliciently suppressed. The results thus obtained are shown
in Table 4.

A: The amount of Fe 1ons dissolved was less than 33
mg/L..

B: The amount of Fe 10ons dissolved was 33 to 35 mg/L.

C: The amount of Fe 1ons dissolved was more than 35
mg/L..

TABL

L1
=N

Before heat Heat treatment

5

10

15

After heat treatment
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Comparative Example 5 was equal to or lower than this
Comparative Example 6 with respect to the corrosion resis-
tance.

In addition, 1t 1s conceivable that the surface-treated steel
sheet of Comparative Example 6 was too large 1n the total
amount of the nickel contained in the iron-nickel diflusion
layer and the nickel contained in the nickel layer was too
large (the thickness of the nickel plating layer 13 was too
thick), and accordingly gave a too thick can wall and
decreased the volume percentage when used as a battery
container.

Next, the surface-treated steel sheet 1 of each of Examples
3 and 4 and Comparative Example 4 was subjected to a
drawing and ironing processing with a higher load than 1n
the corrosion evaluation (1) to prepare a battery container,
according to the below-described method, and evaluated

Evaluation

treatment conditions

Plating amount Temperature Nickel layer 14

(g/m?) [° C.] Time  Thickness [um]
Example 3 4.5 500 30 sec 0.47
Example 4 9.2 500 30 sec 0.97
Comparative 9.0 — — 1.0
Example 3
Comparative 9.7 500 60 min 0.91
Example 4
Comparative 9.9 700 30 sec 0.89
Example 5
Comparative 18.6 700 30 sec 1.87
Example 6
*1Evaluation standards:
A less than 33
B: 33 to 35

C: more than 35

As shown 1n Table 4, Examples 3 and 4 1n each of which
the thickness of the 1ron-nickel diffusion layer 12 was 0.04
to 0.31 um, and the total amount of the nickel contained in
the 1ron-nickel diflusion layer and the nickel contained 1n the
nickel layer was 4.4 ¢/m?* or more and less than 10.8 g/m?
gave the results that Examples 3 and 4 were both evaluated
as excellent 1n corrosion resistance. In other words, 1t has
been verified that Examples 3 and 4 each have a corrosion
resistance equal to or higher than the corrosion resistances of
Comparative Examples 5 and 6, when Comparative
Examples 5 and 6 having the corrosion resistances equal to
or higher than the corrosion resistances ol conventional
surface-treated steel sheets are taken as references.

On the other hand, as shown in Table 4, Comparative
Example 3 free from the application of a thermal diffusion
treatment was good 1n the evaluation result of the corrosion
resistance, but did not form the 1ron-nickel diffusion layer 12
due to the omission of the thermal diffusion treatment, and
1s accordingly conceived to be poor in the adhesiveness of
the nickel plating layer 13.

Moreover, even 1n the case where a thermal diffusion
treatment was performed, the thickness of the iron-nickel
diffusion layer 12 was made too thick due to an excessive
thermal diffusion treatment, 1ron was probably exposed to
the surface of the nickel layer 14; as in the case of Com-
parative Example 5, when Comparative Example 6 having
the corrosion resistance equivalent to the corrosion resis-
tances of conventional surface-treated steel sheets was taken
as the reference, Comparative Example 5 gave the result that

[ron-nickel diffusion Thickness

of corrosion

layer 12 ratio resistance (1)
Thickness [pum] Fe-Ni/Ni Evaluation®’
0.07 0.159 A
0.13 0.13 A
Absent — B
0.35 0.39 B
0.44 0.494 C
0.45 0.241 B
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with respect to the corrosion resistance of the battery con-
tainer, under more severe conditions.

<Evaluation of Corrosion Resistance (2)>

The preparation of a battery container and the measure-
ment of the amount of Fe 1ons dissolved were performed in
the same manner as in the evaluation of corrosion resistance
(1) except that a battery container was prepared by perform-
ing a drawing processing with a higher load than in the
evaluation of corrosion resistance (1) with respect to the six
stages of drawing dies (or 1roning dies) in the drawing and
ironing machine, as described below, and the evaluation was
performed on the basis of the following standards. The
results thus obtained are shown in Table 3.

The drawing and 1roning processing used the dies i each
of which the clearance was set in such a way that the
thickness of the can wall at a position of 10 mm from the can
bottom after processing was 0.15 nm.

In addition, the amount of Fe 1ons dissolved from the
inner surface of the battery container into the solution was
evaluated on the basis of the following standards. When the
evaluation was A or B 1in the following standards, the
dissolution of iron from the inner surface of the battery
container was determined to be sufliciently suppressed.

A: The amount of Fe 1ons dissolved was less than 35
mg/L..

B: The amount of Fe 1ons dissolved was 35 to 38 mg/L.

C: The amount of Fe 1ons dissolved was more than 38
mg/L..
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(Ll
h

Before heat Heat treatment

After heat treatment
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Evaluation

treatment conditions

Plating amount Temperature Nickel layer 14

(g/m?) [° C.] Time  Thickness [um]
Example 3 4.5 500 30 sec 0.47
Example 4 9.2 500 30 sec 0.97
Comparative 9.1 500 60 min 0.91

Example 4

*’Evaluation standards:

A less than 35

B: 35 to 38

C: more than 38

As shown 1n Table 5, Examples 3 and 4 1n each of which
the thickness of the 1r0n—mckel diffusion layer 12 was 0.04
to 0.31 um, and the total amount of the nickel contained in
the 1ron-nickel diffusion layer and the nickel contained in the
nickel layer was 4.4 g¢/m” or more and less than 10.8 g/m~
gave the results that Examples 3 and 4 were evaluated as
excellent 1n corrosion resistance even 1n the case where the
battery containers were prepared by performing the drawing,
and 1roning processing with a higher load than in the
above-described evaluation of corrosion resistance (1)

On the other hand, as shown 1n Table 5, in Comparative
Example 4 having a too thick thickness of the 1ron-nickel
diffusion layer 12 due to an excessive thermal diffusion
treatment, 1t 1s concervable that the 1ron was exposed to the
surface of the nickel layer 14, and when a battery container
was prepared by performing a drawing and 1roning process-
ing with a high load, Comparative Example 4 gave a result

that the corrosion resistance was poor.

REFERENCE SIGNS LIST

1 . . . surface-treated steel sheet
11 . . . steel sheet

12 . . . iron-nickel diffusion layer
13 . . . nickel plating layer

14 . . . nickel layer

2 . . . alkaline battery

21 . . . positive electrode can
211 . positive electrode terminal
22 ... negative clectrode terminal
23 . . . positive electrode mixture
24 . . . negative electrode mixture
25 . . . separator

26 . . . current collector

27 ... gasket

28 . . . insulating ring

29 . . . exterior case

The 1nvention claimed 1s:

1. A battery container, comprising;:

a bottomed cylindrical shaped article made of a surface-
treated steel sheet, wherein the surface-treated steel
sheet comprises:

a steel sheet,

an 1ron-nickel diffusion layer formed on the steel sheet;
and

a nickel layer formed on the iron-nickel diffusion layer
and constituting an outermost layer, wherein the
nickel layer consists of nickel,

wherein when an Fe intensity and a Ni intensity are
continuously measured from a surface of the surface-

[ron-nickel diffusion Thickness

of corrosion

layer 12 ratio resistance (2)
Thickness [pum] Fe-Ni/Ni  Evaluation™”
0.07 0.159 B
0.13 0.13 A
0.35 0.39 C
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treated steel sheet along a depth direction with a high
frequency glow discharge optical emission spectromet-
ric analyzer, a thickness of the iron-nickel diffusion
layer being a difference (D2-D1) between a depth (D1)
at which the Fe intensity exhibits a first predetermined

value and a depth (D2) at which the Ni intensity
exhibits a second predetermined value 1s 0.04 to 0.31
L

a total amount of the nickel contained in the 1ron-nickel
diffusion layer and the nickel contained in the nickel
layer is 4.4 g/m” or more and less than 10.8 g/m~,
a Vickers hardness (HV) of the nickel layer measured with
a load of 10 gi 1s 200 to 280,

wherein the depth (D1) exhibiting the first predetermined
value 1s a depth exhibiting an intensity of 10% of a
saturated value of the Fe intensity measured by the
above-described measurement, and

the depth (D2) exhibiting the second predetermined value

1s a depth exhibiting an 1intensity of 10% of a maximum
value when the measurement 1s further performed
along the depth direction after the Ni intensity shows
the maximum value by the above-described measure-
ment, and

wherein the 1ron-nickel diffusion layer 1s disposed on an

inner surface of the bottomed cylindrical shaped article,
and the mickel layer constitutes the outermost layer of
the 1inner surface of the bottomed cylindrical shaped
article.

2. The battery container according to claim 1, wherein an
average crystal grain size 1n a surface portion of the nickel
layer 1s 0.2 to 0.6 um.

3. The battery container according to claim 1, wherein a
thickness of the nickel layer 1s 0.4 to 1.2 um.

4. A battery provided with the battery container according,
to claim 1.

5. A method for producing the battery container having
the surface-treated steel sheet according to claim 1, said
method comprising:

forming the bottomed cylindrical shaped article having

the inner surface; and

forming the surface-treated steel sheet by a method com-

prising;:
forming a nickel plating layer on the steel sheet with a
nickel amount of 4.4 g¢/m” or more and less than 10.8
g/m*; and

applying a heat treatment to the steel sheet having the
nickel plating layer formed thereon by maintaining the
steel sheet at a temperature of 480 to 590° C. for 30
seconds to 2 minutes to thereby form the iron-mickel
diffusion layer having a thickness of 0.04 to 0.31 um,
and
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forming the nickel layer on the 1iron-nickel diffusion layer
to constitute the outermost layer of the inner surface of
the bottomed cylindrical shaped article,

wherein the nickel plating layer 1s formed on the inner
surface of the bottomed cylindrical shaped article and 5
consists of nickel.
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